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TRANSMISSIONS OF BLACK—ANﬁ—WHITE TV. PICTURES OVER
COMMUNICATION CHANNELS WITH 1 MH=z BANDWIDTH#¥

M. Lange#*¥

ABSTRACT. - This paper discusses the
possibilities of television transmission
using a significantly reduced bandwidth which
may be of advantage In certain CCTV (closed
cireuit TV) applications.

Problems such as the effective bandwidth
requirement of a given TV standard, the pulse
transmission over a signal channel of limited
bandwidth, and of picture guality and its
determination have been studied.

For a given bandwidth of 1 MHz, two
solutions to the problem are presented as a
laboratory set-up in 'a comparison test!

a) restricted bandwidth transmission
of signals using the TV broadcasting standard

- (625 lines/50 Hz), and

: b) transmission using a standard which
has been proposed for videophone use (267
lines/60 Hz.

Through viewing ‘tests employing a multitude
of test pictures and viewers would be required

in order to arrive at a final conclusion, the
screen photographs presented here lead to the
conclusion that 1 MHz bandwidth TV trans-
missions supply sufficient information to.

be of practical use for a number of applications.
An appendix deals with problems of changing
the horizontal deflection stages of TV monitors

to a line frequency of 8 kHz and discusses a
case of practical application (TV traffic
control at Hanover). !
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1. Introduction.

1.1. General Remarks

About 220,000,000 TV receivers are being operated at this /4
time. About §0% of them operate according to TV standards with|
line frequencies around 15 kHz;and image change numbers of 25 or
30 Hz. The video bandwidth corresponding to this is about 5 MH=z.
The rest inelude receivers which use the old Eurcpean 405 or
819 line norms. Except for special installations, such as those
for space flight, the so-called industrial TV installations
(CCTV) use similar standards. Under these conditions, it seems
appropriate to consider other TV systems, especially since it

---18 khown that the present day éssumptions which have led to the
standards used tpday are not cﬁanging. In practice, 1t is |
impossible to store an entire picture and it is necessary to use
the cathode beam tube for convérting‘the electrical signals into
optical signals. These do not have a favorable optical behavior
and, therefore, there is a requirement for the relatively high
image change fredquencies, which would noet be necessary for motion
information. ¥Even though Work?is being done in many places on
image storage devices and new image reproductlon devices, these
cannot be considered in this paper because they‘are not yet
commeréiglly avallable.

1.2. Problem Formulation

Industrial television, or more precisely, non~commerceial
--televigion; has experienced anfenormous growth in parsgllel with
the development of entertalnment television. More and more

~applicatlons. are being developed for which it 1s necessary to



transmit a television picture through a radio signal. For

example, the TV camera must be moblle (example$@ransmission of /5
images of the traffic situation from"helicoptefég. " The

difficulties associated with frequerey a1&0tﬁents'wgig;gi;gggg&A
evident when the voice radio channels were aSsigned-(oebL and
noebL). Therefore, because of!the high bandwidth requirements

for television, it 1s not pOSSible to assign freguencies for

this purpose. Therefore, it ié very necessary to transmit the
desired information using a small bandwidth with a reaéonable

amount of effort.

On the other hand, the transmission of non-commercial
television pictures within cities 1is related to the problem of
laying new cables. Therefore, it was natural to attempt to
find new ways of transmitting ﬁhe ftelevision signal over normal

telephone lines.

Even. though, at the beginhing of the work, we were not
able to determine the frequency bandwidth which should be
considered, during the work we were able to find that a band-
wildth of 1 MHz represents 3z meéningful”target. A reduction
of the video bandwidth by a factor of 5 is required for high
frequency transmissions, if one wishes to have an appreciable
reduction in the bandwidth requirement of the HF installations.
This is because of the finite edge inclinatlion of the trans-
mission channeéls..  On the otheq hand, the work on the develop-
ment of the videophone showed ﬁhat a fregquency of 1 MHz can
be controlled as far as attenuation and crosstalk are concerned

in avallable symmetric cables of local telephone networks.

- !
The developments|in the area of videophones also indilcated

“that when the problem was being solved, one should not only

consider systems with 625 linesi and 25 complete pietures/seconds,f'

_but.also scanning systems designed for- videophones.

2



2. Scanning Standard and Bandwidth ' o /6

2.1. Optimum Scanning Standard for a Given Bandwidth,-

If one is completely free  -in the selection of the scanning
standard, then for glven bandwidths, the optimum line number is

approximately given by the relationship

‘upper limiting frequency of

Here we have z = line number,“o
videc channel, b = number of complete images transmitted per
second, a = ratio of image bandwidth to image height (43 for
conventional image tubes)., K is an empirically determined
Tactor which we will discuss below. - The equation is only
approximate because it does not con51der the times required for
line and image return. If we substltute the values. fo = 106 Hz,
b =25 Hz, a = 4:3, and K = 0.65, the result is approximately
300 lines. This is not very far from the old British 405 line
standard., It may be appropriaté fo mention that, even though
this standard has been given up; at the present time, over
10,000,000 TV recelvers are opefatingﬂon this standard and,

apparently, to the‘satisfaction;of thelir cwners.

For an image change frequeﬁcy of"-30/seconds, we find that
the line-numbér'iS'approximately 270. . When the line number is
finally specified, it is not.ne¢essantho only consider the
return times, but also realistic divider conditions must be
found for ‘the taet generator.



”:'ZJé,EJ” Bandwidth Requiremeht for Given Scanhing Standard_A

The discussion in the preéeding section assumes that the
substituted value of X is correct.” In thé3f01lowing, we will
discuss the range over which this factor can vary.  The related
questions have been intensely debated up to the introduction of
wireless TV [2, 3, 4], but mostly on the basis of theoretical

analysis.

2.2.1. Kell factor

If one attempts to determine the bandwidth requirement for

a given television system, one usually starts with the so-called

checkerboard frequency. It is.assumed that black and white
image fields follow each other in.the line direction, the so-
called image points, and in the vertical direction the lines
are separated by the dark intermediate spdces. With this

assumption, we find that the checkerboard frequency is

foo 3 02 a.n.d2 ] (2)

m 18 the percentage of the liné-duration which is occupiled by
the line return duration andnpiis“the percentage of the image-
guration which 1s cccupied by ﬁhe image return duration. The
relative return duration can be referred to a partial image or
to & complete image. ;

If we now .substitute the dsual values of radio standards
in Eguation (2),- we find fs = f.S MHz. Kell and his coworkers
[5] found, in 1934, that the ideal concept which is the basis
of the checkerboard frequency does not apply in reality. The

“resolution in the vertical diréction is poorer than one would
first assume. When wedge—shapéd line hundles criented towards



each other are reproduced over;a system with 2 checkerboard
bandwidth, it is found that thése are much more poorly resolved
with respect to positiongparaliel to the line direction than in
positioqﬁperpendicular to the lines (rotation of the image by
90° in the image fieldl. Sincé it ~is generally accepted that
the resolution'should be about the same in all directions,
therefore, the upper frequency limits can be much lower fhan
the checkerboard frequency. “The reduction factor is named after
Kell and was indicated to be 0165. Corresponding “foy 'this, we
have the video frequency of é MHz for the 625 line system in
use today.

The experiments of Kell were very useful during a time it ‘1§
was believed that the bhandwidth requirement for television would
be enormous. Today, such a problem would be clarified by
statistical experiments with unbilased observers using strictly
‘défined viewing conditions whiqh are close to practice. The
observation distance (see Filgure 7).1s very important here.

Such a subjective evaluation test which would have to be carried
cut with a transmission systeméand which would have to resolve
the frequency of 7.5 MHz perfectly, from the picture specimen
to the image appearing on the. image screen and at 625 lines,

25 images/sec, would probably result in no neticeable deterior-
gtion of ‘image quality for a large number of average test
images. This would be the case if the upper limit of the

video frequency band would be reduced from 7.5 to 5 MHz. The
questlion of how much this uppef frequency limit can be further
reduced until there is a2 perceptible decrease. in the pilecture
quality remains open. (A1l new‘image quality investigations

in recent times assume a certaln scan standard for a specified

fo.)



‘Even though according to the original definition, it would
not permissible, in the-foll@wfng we Will mean by ‘the Kell fae-
tor the rationof the upper videéo frequency of a certain system
and its checkerboard frequency4 Figure 1 shows the data which
are important for the frequency bandwidths for & few of the
most important. television systéms,'as-weil as the checkerboard

frequency and the Xell factor.

When television systems are evaluated, one must alwéys
consider that the resclution capacity of the human eye is
limited. ZIts behavior can be interpreted using a model, which
amounts to a. lowpass filter. Such a representation has been /9
taken from a paper by Sadashige [6]. -This is glven in Figure
7. One can see the very great importance of the relative
observation distance, which is a parameter here. ‘In addition,
i1t 1s possible fto estimate from the curves and for a certain
system (525 lines/60 Hz here), how - 'a change in the bandwidth
Bfffects the image impression.,

2.2.2. The influence;of-the;line'jump method

I+ is certain that the cathodewray tube can only be used
as an 1lmage reproduction devicefusingfthe line Jjump method, This
is caused by the unfavorable decay characteristics of the avail-
able luminous materials. An ideal luminous material would have
to have an approximately rectanéular:decay characteristie, and that)
of available Zuminous materials: is essentially exponential. It
is also known that, by introducing the 1line jump method, a fur-
ther deterloration of the resolution in the vertical direction
is produced. The perturbation effects related to the line jump
— iIntermediate line flickering; line migration, and palir forma-
tion of lines — together lead to a very noticeable deterioration-
of the resolution in the vertical diredtion under some conditions”
[7].. If we assume.that the resolutions in the horizontal _

6



iT' qi. CCIR |Format| “iRes | . L ; . (video)
‘Television X per Vertical | Horizontal [Checkerboard Video i
. system = Charac—|width/ completel frequency® frequency | frequency | bandwidth Kell

‘ teristic height . " - 5 | factor |

! picturg o - !
=TT T e I VY. - AN W § S 4 : —
Radio, Belgtum || £ | 43 | g19 | 50 | 20475 ] 5 | a5 |
. " L -

T semet 8 ) 43 | 625 50 | 15625 5 0.67

", USsA ‘
' M 43 5725 60 157570 6.45 4.2 ]
TG T hl ; _ - g
Britainie A | 43 | 405 50 19125 %25 3,0 0.925
e — | 43| 267 | ~60 | soso | 165 Lo | 06
S — {1l 267 | ~60 goor | 137 1.0 0.73

#A1]1 systems with line jump.

**Conﬁersion to 625 lines 1s in process,

**%Test system

*%*%Normalization suggestion of the Siemens A G,

**%**Commas in numbers indicate decimal points,

~ Figure 1. Television standards, kxxsxs




direction are to be about equal to those in the vertical
direction, then we would be juStified in further reducing the
upper videco frequency for a syétem having a given line number.

The perturbation effects caused by the 1ine jump cannot be

treated 1in detail in this paper. We would like to peint out

that the intermediate line flic¢kering at 30 complete plctures

per second decreages noticeabl& and that the other pérturbaticn
effects for systems with relatively”low line number are apparently
less distmrbiﬁg than for systeﬁs having a high line number.

2.3. Practical Experience with Reduced Bandwidth

According to what has been said, one should not be
astonished that, in the area of entertainment television and
also so-called semiprofessional televigion, there are a number
of examples which would indicate that satisfactory image
"Feproduction could be obtained wilth substantially reduced band-
widths, compared with the nominal system bandwidths. S. Deutsch
in a paper [8] indicated that the bandwidth of conventional
US American hcome receivers oftén is only slightly abcve 2 MHz,
which has been confirmed by other authers [9], It 1s under-
gstandable and probably economlcally reasonable that the "' :
g€ffectlive bandwidth of the 1mage shown on the screen of a home
receiver is much lower than,ffor example, on the monitor at the
final checkpoint in a studlo. . The experience with the first
semiprofessional video recordeﬁs was very interésting. These
devices, which offer the possibility of image recording on
magnetic tape at a relatively modest cost, -have bandwidths which
are still below 2 MHz. 1In splte of this, it is not only p0551ble
to obtain useful entertainment programs with them, but also
images which Justlfy the use of such devices in commercial
‘applications. Apparently, the crlteria used for the evaluatlonl
of industrial televislon plctunes are different from those used

for entertainment television. .In-the first case, esthetic

8



considerations are the most important. In the case of

industrial television, we are Bnly interested in the transmlssion
of information in image form.';The image quality only has to

be good enough so that the infbrmation reguired will be trans-

mitted with a certain certainty.

i
!

2.4, Methods for,Subsequént Enhancement of the Subjective
Image Sharpness

Sometimes the resolution iosses connected with the trans- ;
mission of a television image through a limited bandwidth
channel are considerable. Therefore, very early methods were /11
sought to at least partially egualize these losses. The best
known method is called "crispeﬁing" and follows a suggestion
of Goldmark [10]. In-this method, additional signals are added
to the television picture and:these slgnals are obtained by
differentiation of the'brigihai'signal. ‘This leads to an
increase in the steepness of the bright-dark transitions. This
means that the subjective imagé sharpness can be enlarged again.
However, image detalls which hdve been lost cannot be added
agalin; contrast losses remainug(see Photograph 5.1). In
additicn, when there is extremé‘band.clipping, transitions
which originally should nof ha&e been sharp become even sharper.
This is a natural limitaticon offthe method. In practice, this
method has only been applied iﬁ:qertain‘special commercial uhits

such as, for éxample, standard converters.



él -wSoiutiohé

3.1. Transmlssion According to the Radio Standard with
1MHz Bandwidth o o

Considering the ideas presented in Section 2, it seemns
appropriate to carry out testsiaccording to the 625 line stan-
dard with greatly reduced bandﬁidths, Such experiments were
therefore made at the Research 'Tnstitute of the FTZ (Telephone
Technical Central Office)‘[ll]{ ‘However, they have not resulted
in definite conclusions because special calculated f£ilters were
used for clipping the freguency band which had an optimum pulse
output. In the final anaiysis; they amount to Themson filters,
In practice, it is impossible ﬁo have such characteristics in
a communication channel which bridges a large distahce. We
will discuss this later on. In addition, handwriting samples
were used for evaluating the'b%hd+1imited images. We must
consider the fact that small handwriting is not always trans-
mitted in é satisfactory manne; in.a 625 line system even for

complete resolution.

In»theiiégﬁgime,“iﬁ;hg§)bgen shown many times that, for
example, for transmitting a typewriter page DIN A U4 in approxi-
mately natural size, it 1s necessary to use a system with at
least 1000 lines and a videeo bandwidth of 20 MHz (for conven-
ticnal image change numbers) [1@,-13]; Therefore, the experi-
ments confirmed our belief thatﬂthe image impression of critical
image samples would deteriorate}considerably when the bandwidth

was reduced.

10
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Results from the Institmté for Radlo Technology 1in connec-
tion with other experiments wefe much more interesting. Inves-—
tigations in 1968 [14] showed‘that*black and white television
pictures when ‘limited to a bandwidth of 2.5 MHz were only
evaluated to be "worse" by 60% of six technicians, and 40% of
them evaluated them as "less poor" than. images with the full
bandwidth. It-is natural thatithis”evaluatien was carried out
according to standards for entértainment‘television.' Therefore,
we can expecﬁ7that for simple information‘traﬁsmission, a
further deterioration would'begacceptable, so that bandwidths
below 2.5 MHz would s%11l result in useful results.

3.2. Selection of a Different‘Scanning System
' !

In Section 2.1, we already indicated that, for a bandwidth
of only ‘1 MHz, the 625 1line standard is not the most suitable,
“Thgrefor65 one must consider'uéing'a different number of lines.
However, this ilidea was alwayé dpposed by the statement that, in
this way, it would he necessary to have a special system with
speclal devices, which would m@ke,the units much more expehsive‘
and compared with the mass produced entertaimment television
devices, the cests would be soihigh“that they simply could not
be used. Therefore, no one was prepared to even consider a
different scanning system. However, we wlll show that the
modifications to mass produced devices are relatively minor and
that the additional costs Will}hardly'have an effect.

i

3.3. Scanning Systems‘of:the,Videophones

~
[
Lot

Any system which deviates from the usual standard must have:

its own cadence generator which is only suitable for it.

Theréfore, it would be advantageous if one could use a different -

system. Such systems have been developed in the meantime for\

11



%idéobhdnes,.which cperate at ? vandwidth of about 1 MHz and
for which a standard is now being discussed whieh has an image
change frequency of about 38 Héﬂand with a 1line frequency of
exactly 8 kHz, it is possible §0fhaVe‘an.imagé'with 267 lines.
The videophones take advantage:iof factors which are the result
of using the upright image sizénor,an approximately sduare
format (see Figure 1). When uéedsin;industrial television,
the usual 4:3 image format should be used. This dees not

influence the cadence generator.

When broadcast television was introduced, the cadence
generator represented a very complicated and expensive device,
Significant improvements have become possible by medern tech-
nology. In the case of the AmericankPicturephoneR II, the
entire cadence generator consists ofra”single integrated
circuit [15]. In the flrst\samples of the Slemens v1deophoné\

the entire cadence generator’ was ‘built on a single circult card
using TTL building blocks. The Siemens AG made available to us
two cadence generator cards, fer both 28G lines and 25 complete
images/second as well as one for a new suggested standard with
a line frequency of 8 kHz and about~38 image changes/second,
Therefore, we were in the position of carryinguout transmission
tests for industrial televisioﬁﬂat bandwlidths around 1 MHz,
using a speeial scanning system.

b, Pulse.Tfansmission in a BéndeLimItedVCommﬁhicatlon Channel

|
The variation of a signal which is obtained at the output
of a communication channel witﬁ‘approximately rectangular trans-

mission curve and which represénts .the response to a very steep

pulse at the input is descrlbed by -systems theory [16].. We Willf“

not discuss the details here. Jwe would ‘only like to remind the
regder that the rise time T offthe-response to a very steep

12
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pulse at the input is related to the limiting frequeney fg‘of ;

the channel 1n the fellowing way:

' 1
t’y'a-fg 3)

An overshocot occurs which.is‘almost“IG%"for optimum phase condi=
tions. For a conventional system.with minimal-phase behavior
without delay equalization, this ean amount to up to 20%, and
then only additional oscillatiéns.occur. When a televisiocn
image, which essentially has the characteristics of a pulse,

is transmitted, -it is necessary to have an approximately i
distortion-free transmission of the pulses, Oversheot will be
more disturbing, the greater the perlod duration of its wave

nature isﬂpompared-to the imagé point duration.

If one reduces the bandw1dth of a system considerably, one
awould expect 00n81derab1e dlsturbances hecause of pulse
distortions. If band limitations are made using steep lowpass
filters and.-if there are no sp?cial equalization measures for
‘1imiting frequencies below 2 MHz, the disturbances caused by
overshoot are so bad that the.images on the image screen can

no longer be used.

A detailed study has inveétigated the question [17] of
the conditlons for which pulses can be ‘transmitted with low
distortion and for a given bandwidth: N. W. Lewis has applied
the results of this work to teievision.[lB]. In the following,

we will dlscuss the consequences-of. this work.

13



4.1. The Concept of Pulse Bandwidth

If a very narrow_rectangu%ar signal of duration Tp is

épplied to the inpuf of a band;limited transmission path, then
the pulse bandwidth fp can be defined as follows

(41}

If the transmission system with approximately rectangular

transmission characteristics iﬁself'has a limitddg frequency f

0
maximum amplitude is 0.8727 times7[2/ﬂ * Si(m/2) exactly] the
input amplitude. Also, a considerable overshoot will occur.

and if £, = fp, then a signal will appear at the output whose

If the limiting frequency is selected as fD > fp’ then, as f6

Hiﬂcreases,'the step response ﬁﬁiliapproach the input signal
more and more. The advantage of_this type of definition is
that it i1s possible fo asslign tFiS'bandwidth-to an arbitrary
transmission quadropole, which transmits a pulse having a
given pulse bandwidth with certain-distortions. '

i

4,2, Definition of the Wihdow_Bandwidth

In conventional communication techndlogy, 1t is. customary

to define the limiting frequency aS“thatffrequeﬁcy'at which the
transmission decreases by 3 dB.' This 1s not suiltable for pulse

transmissions. In additlon to %the pulse ‘bandwidth already
defined, we are more interested in the entire range in which
freguencies can be transmitted.; Schuessler and his coworkers
have selected a frequency for this at which the amplitudé_hagn
drdpﬂéa‘ﬁo 40 4B, Such a definition is appropriatebbecause, in

the case of transmission charaoﬁeristics which follow the

14
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Gaussian or Thomson variation,ﬁwe.can establish that the
transmission ol spectral components with amplitudes bedow Y0 dB
fig\: not important for the pulse reproduction. Since practical
transmission systems, for example a tertiary group of a multi-
band telephone. system, have ﬁpproximately-reetangular trans-—
mission characteristics, one must assume that this bandwldth..
is the window bandwidth. |

t
|

4.3. Optimization of Pulse Transmission

If we start with the fact that durling pulse transmisslons,
unacceptably high distortions will ocecur when the pulse band-
width equals the window bandwidth, apparently here we are
concerned with ‘the question of ‘finding the pulse bandwldth for

which allowable dlstortlons\of transm1351on odcur for a glven\

window bandwidth. It is already assumed that. optimum delay
‘egualization-has been carried out.

. First eof al1l, we must clafify-tbe-question of the allowable
distortions.. First of all,-wefare concerned with the overshoot.
We can reler to an Ameriecan paperlfl9]; 'The results of this
paper agree, eSsentially, with  our own.eXperience. According
to this, the first overshoot.déeS'not.disturb us that much;
but the first undershoot is Vefy'detrimental‘ ‘For satisfactory
transm1331on, At cannot exceed ‘avalue of 2%. This means that
the ratio of~ the pulse bandW1dth and window bandwidth must be
selected sc.that the overshoot® does not exceed 29%.

In the case of éntertainment television with a bandwidth

of 5 MHz (= window bandwidth), the-puISe‘bandwidth,for'completely‘
distortionless: transmission is only 2.5 MHz, because a .jump w1th

1/2f . = 100 ns can only be transmitted with

il
"a"risé time of Ty = 0
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considerable distortions. Even though these distortions can
hardly be noticed on conventional image ‘reproduction devices
because of their short period,;in'communicationntechnclogy,
they have for a long time been the' 'source of confusion. They
have also been responsible for the fact that many transmission
systems, for example directional systems, have much greater
window bandwidths than 5 MHz.

If we compare the work ofESchuessler and his coworkers with
the possibilities of using a combination of a Thomson filter and
a lowpass, We can gee that the optimum pulse reproduction of thé
transmission channel can be well. approximated by a combination
of a lowpass and a Thomson filter.. Therefore, the use of even
more compllcated and expensive”filteruinstallations?whiCh.would
be difficult to obtaln with communication paths, does not ‘seem
Justified. ~An additional imprqvementnin the ratioc of rige time
‘arid oversheoot is not possible,;unless*the crispening technique

is used.

Basically, ‘the optimum pul'se fermation.becomes more
important as the band clipping :inereases.

5.,  Problems of Image Quality; 

The . image quallty of television can. only be evaluated by
subjective'image observations Ey*a'large numbef;qf observers
with a large number. of averagé,picﬁure“samples,‘ The resuls
obtained is in the form of statistical data (average, scatter).
Therefore, there 1s a tendency to use’absolute criteria instead
of subjective eriteria, such.a§ for example; to use pulse
response or other measurement‘r@sultsdz The relationship between
tHesé méasurement techniques and subjective image impressions
is not conelusive in all cases;and‘has not yet been established <
JL20d. o . : o )
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5.1. Image Quality for Broadcast Television

If we consider the subjective .image quality observations
and if we have specified =z few}baSiC‘assumptidns such-as the
obsePVer distance, contrast an& brightness of the image being
observed, surrounding field illumination, etc., the question
8till remains of establishing éhe criteria acceording to which

the image quallty 1s to be evaiuated.'“In the caze of enter-

tainment teléﬁisiom, which priﬁarily'transmité artistic images,

the esthetic impression of theiobserver will be the criterion.
The image quality will still be great I1f the image not only
greatly corresponds to the original image which is available
for comparison, but also when it is found fc¢ be "beautiful™ or
"pleasant." A certain standard for this is a movie picturé.

5.2, Image Quality.and-Information

It 1s natural to suspect ﬁhatgthere are relationships
between 1lmage quality and transmitted.information. From
entertainment television it is;knownithat'relatively poor
image quality'is acceptable to the televislon viewers when
the program being. watched is eépecially“exciting or moving.

. If we now consider industrial ﬁelevision, it becomeg clear
that only an esthetic evaluati&n‘of the image quality is no
longer sufficient. The industrilal television installation is
supposed towﬁransmit certain'information,“for”éXamp1e,_traffic
flow through a door, bccupatioﬁiofra.parking area, etc. This
information .can be reliably Qbﬁained‘even.if the image quality
is restricted. The type and eﬁtent‘of“the“transmitted infor-
mation will determine the imagé gquality which is aceeptable for
a certaln application. If we investigate the suitability of a

new television system or a greatly modified conventional —

television system for such‘appﬁications,_the ¢riteria used in

17
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broadcast television for image ‘'quality willl net be sufficlent.
It will be necessary to develop special criteria from practical
‘experience with'applications,'iInethisfpart of the paper, it
was not possible to deal with this ‘subject. We would like to
point out that the results presented here must be supported by
investigations of thils topic.

5.3.  Interaction of Varieus Influences on the-Image.Quality

Because of the problem posed, -we may expect that, first of
all, it is debatable whether the Image quality .is compromised by
reducing the resolution. The image quality is also influenced
by other factors, such as the ﬁoise Separation,.gradation dis-

tortions and geometric distortions, etc.

The state of the art regapding the influence of several
simultaneous detrimental factors for a television pleture is
not yet satisfactory. Extensive work has been cafried out by
the British Post Office Authority [217, and we may summarize
these results as follows: if we express the deterioration
experlenced . by a television piéture because of a certain type
of disturbance -in certain units (fer example, in Timphi™
impairment unit), 'then accordiﬁg to - data of the Bfitish
scientists, 1if there ars sever#l disturbing effects, the total
image gquality can be found by simple addition of the impalrment
units from*thé Various.disturbingusources. If we accept this
theory, it.follows that, if all .of the.possible impairments
occur .with about the same magnitude,. that is moderate noise
separation,.Visible_gradation'distortionsi?visible geconmetric
distortions, and noticeably,reduced‘resolution,uit.is,necessary

that all of these effects_onlyjoccur in a very limited way if

‘the total image quality is notfto drop below a certain pfeééribed;

'level.‘ This situation occurs for broadcast television.
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Céﬁﬁeréely, it follows that whén‘one impairment‘is-allowed te
become especially large, for example if the reselution is
reduced very'drastically,‘very}highrrequireménts_must‘be
attached to the other parameters. "The high imapge quality‘which
was produced by the first videorecorders and which was not
expected, can in part be explained by the-fact that thers was
a relatively goed nolse separation at the output s;gnal and
there were practlcally no gradatlon distortions.
i

For the 1 MHz transmissioﬁ, this means that the ncise
separation should be as great as possible and the gradation
transmission should be exceptional.,. This should not be difficult
for small bandwidths. When evaiuating the results given in this
report, one must consider the fact that the images do not have
any noticeable shot noise, andéthere-was a good reproduction
of the gradation, as the gray wedges shown indicate.

5. Test Installation

The devices used for carrying.out the experiments were

assigned to two groups: (see Figure‘G):

a) a group for the simulation.of band-limited trans-
mission channels; - |
E
b) a gfoup consisting ofi units which aré‘necessary for
producing and reproducing telev1szon pictures according to the
267 line method.

6.1. Simulation of Band—ﬁimited Transmission Channels

i e

7T 7 731lnce’'we assume that the transmission. channel essentiflly
. . R Lo . : \

has no nonlinear distortions and a very good nolge separation,

it . is sufficient to simulate .its amplitude variation and
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posSsibly 1ts phase variation., ' Suitable lowpass filters can he
used for this which are equipped with a delay equalization.
There are alsoc the correspondihgvaomson filters for pulse

shaping and, finally, there are separation amplifiers,

6.1.1. LQWpaSSZfiltérs
t
|

Cauer lowpass fllters from the Telefunken filter catalog

[22] were selected as lowpass filters. In order to hold down 7
the costs, we selected fifth ofder filters. Since the filters,
in general, are operated with éhort lines between real connec-
ltions, we could accept a relatively ‘large reflection factor,

so that there resulted a filter with a relatively high edge
inclination. We selected typefG—050553; Corresponding to the
tests, whieh had been prefiousiy'designed somewhat differently
with band-reduced 625 line signals, "we calculated band filters
"for a total of niné different 6andwidths and constructed these,.
The table (Flgure 2) gives the ‘data for those filters which were
used in the experiments descriped below.. The lowpass filters
approximated the datangiven inﬁthe.catalog very well after
matching the pole frequencies.

Suffieient delay equalizaﬁion.was,one of the baéic assump-—
tiong for :a @siuccessful executi@n;ofrtheuexperiments; Of all
of the measures for reducing.tﬁe overshoot to an aeceptable
level, delay equaligzation- is tﬁe most;effective, primarily
because it has no other disadvéntagesgassociated with it.
However, delay equalizers are;fery;giadiy"avoided becausé of :
the assoclated dimensioning prdblemst- According to experience: ’
“obtained 1h €arlier work and published elsewhere [23], we found
that, for pulse transmission,”it is not so important tc have a

1
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certain delay tolerance but rather, 1t is necessary to have an
optimum dimensioning with respect to the pulse reproductilon.

As a consequence of this, it féllows that an approximately
uniform distribution of the ovérshoot among Pre-oscillation and)
\Post-oscillation can be carried out\with a relatively small)
Aémount of effort. We were able to obtain the assistance of the
FGr D 11 (specialist group) fofithe dimensioning of the delay -

equalizer., The experience in thls connection has been reported .
in the .meantimey in a‘technicai report [243. It also contains
oscillograph.photographs of the ‘transient processes of the low-

pass filters without delay equalization. It was possible to

achieve considerable optimization: of ‘the transient process using

only two B11-5ass members (Figure 3).\

6.1.3. Thomson filters

A suitable Thomsén filterﬂWas built: for each lowpass Tilter.
Together with the lowpaSS-filtér,‘this resulted .in a transmissiocn
characteristic for which the pulsenresponse had an overshoet of /22
about 2%. TFor this, the first;blockage pole of the lowpass
filter was .substituted at. the blmltzng frequency of the window
bandwidth and we assumed a\ f /f facter of 0.8. . The filter

"itself i1s based on the dlmen51qn1ng of* Thomson [25] in an
improved version,.as given in.a publication of .McDiarmid [26].
The calculated rise times could be maintained well with the
filters we built. . The essentiii disadvéntage of 'the filters
indicated by Thomson is that thby“are“difficult to match. For
this reason, we developed a few high quality transistorized
separation amplifiers, which were fixed at an amplification fac-
tor of .1:1 and which had an extfemely,good.input and output
matchlng In this way, it was possible to isolate the Thomson
fllters from the other unlts in the transmission chain. The
filters used in the following experlments are alse given in the
“table (Figure U4), ' | ' - '
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6.1.4, Cirispening amplifiers

Iin order to evaluate the improvement possibilities using
the crispening tebhnique'for'Véry'highly'band—limited signals
with 625 l1ines, we built a crispening amplifier which is based
on .a circult diagram suggestedéby H. Wendt and which is con-
pletely transistorized. A bloék diagraﬁ of the amplifier is
shown in Fipure 5. The time constants of the differentiation
units were méde variable in order tb'process different input
rise times. Experiments showed that the rise time can be about
cut in half using the crispening technique at an acceptable level
of overshoot, which certainly corresponds to a'considerable
increaée in the edge sharpness. -On the other hand, from the
oscillograms of the sin2 pulseé, it can be found that, if a
contrast reduction because of resolution losses has occurred,
it cannot be reversed by crispéning. This is also true for
image details which are compléﬁely.lost because of deficient

resolution.
6.2. Image Recording andiReproduction Devices

In order to make a comparison of band-limited 625 line
signals and another, low line éelevision system, it was Iimpor-
tant to have available approximately the same type of units.
We were fortunate that this requirement could be satisfied,

t

6.2.1. Cadence genefator‘
i

A studio cadence generator of Fernseh-GmbH was available

for the image transmission at 625 lines/25 images/second.
; _
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Aghalready mentioned, we Were able to use cadence generator
units of the Siemens AG for our experiments with low line
television systems. The units?were made into a device by
addihgusepaﬁatiOn'amplifiers and a power suppbly. It could be
operated just like a studio cadence generator, i.e., 75 ohm
cutput for A, 3, V, and H. Deéending-on the plate used, which
always contained a cdntrol quaftz for the mother frequency, 1t
was possible to have a system with 289 1ines/25 Hz or 267 lines/
30 Hz. The experlments described here are restricted to the
267 line/30 Hz system because Qf its clear superiority and
because of the fact that it will probably be accepted for the

videcphone transmission,

6£.2.2. Cameras

Two semiprofessional Plum@ikon cameras built by Philips
" {Type BL 8011) were available for the experiments with the
control unit EL 8016. The camera planned for 625 line operation
was also fitted with an electronic viewfinder.
_ l

According to the data of the manufacturers, the fully
transistorized camera 1s suitable for operatlon with television
systems In the range between 4é5 and. B81l% lines and with 50 or
60 half-images/second. Considéring'this-very wide range In
deslgn, we were hopeful that these cameras could also be operated
with the 267 1ine/30 H=z standaﬁd. This assumption was verified.
The camera produced a very satisfacb@ry image using this scanning
standard after slight adjustmegts of image width and height, as
“well as image linearity. Thisiproves that the cameras for
industrial television can be ménufactured with appropriaté
degign features, so that they can be operated at 625 11nes/50
“Hz “as well as with 267 11nes/60 Hz u31ng the corresponding

cadence generators.
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6.2.3. Monitors

Monitors had to be availabie for the experiments with 267
lines.. Their‘horizontal'defléﬁtion part had to be deslgned for
a line frequency of 8 kHz. The first experiments were carried
out using the Monitor Ev 35 (Férnseh—GmbH) which later on was
used as the. control monitor (viewfinder) for the 267 line
camera. Two monitors from Ferﬁseh“GmbH were used for the com-
parison experiments with 59 cmiimage screen diégonal distance.
One of them was modified for oﬁeration'at 8 kHz line freguency.

The appendix contalns data regarding the conversion of the

line in stages. The 1ncreased image frequency could be adjusted

by means of the provided control unit.

All of the synchronization circuits .dn! the monitors
operated perfectly without any moedifications, even though the
Eignal of the 267 line cadenceé gérerator did not have any
egualizaticn pulses and also tﬂe H synchronization signal did
not continue duriﬁg the vertical scanning in the form of a
‘so—called inverted pulse. In the case of the directly synchro-
nized monitor Ev 35, when operating with BAS signals, this
only led to a confused noise in the line transformér,‘but it
was not important for the image holding.

Summarizing, we may establish that the mass produced.
monitors could be converted to the other line standard with
relatively small circuit changes, which would hardly be notice-
able 1f this was done on a 1arg§'scale; This refutes, once and
for all, the opinion that scanning standards different from the
normal one are assopglated with high costs.
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In the various experiments, it was very important that the
background brightness of the ménitors remained unchanged.
Therefore, one should really have used devices with scanned
black-white control. In order to reduce &the disturbing Influ= oo
ences, BA signals and foreign synchronization were used, because
in this case it is possible to:avoid displacements of the working
point éaused“by changes in the}magnitude of the synchronization
signal. i

7. Experimental Results

The experimental results with the devices described are
divided into two groups:
a) data in the form of measurements (oscillogranm

photographs 1 — 4 for each series) for the various transmission

‘‘‘‘‘

b) by means of televisién screen photographs (Figures
5 and 6 of each series). |

This data is not at all. sufflclent for a conclusive
evaluatlon of the performance capa01ty of these television
transmission systems., The motlonllnformatlon‘ls not ‘contained
in the photographs of the imagé secreen, and conplusive evalu-
ations are made more difficult jby any further déterioration.

In particular, because of the required exposure times, it

seems a8 though the line strucfure.is.irradicated more than

would be expected accordlng to the - sharpness of photographic
reproductlon. >
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i
7.1.  System Comparison by:Means of Measurements

{

The attached figures show five series of various transmission

methods which are compared in the following image screen photo-
graphs. We were able to make ube of the fact that the wrlting
rate of the electron beam 1is abéut 1/2 for the 267 line system
as it is for the 625 line System. This means that a certain
sighal, for example a rectang&eéwith a duration of 2 ps, which
has a width of n mm on the imagé sereen of the 625 line menitor;
 will have a width of about n/2 én the imapge screen of the 267
line monitor. In order to have the same size image of a bar on
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the image screen, the rectangular signal would have to have
twice the length in time. Since the pulse reproduction is
primarily 1mportant for evaluatlng the resolutlon, we have
presented the pulse response for the 27- 51n2 pulse and the T
jump for the 625 line system. ;Correspondingly, for the 267 line
system, a sin2 pulse with a ha}f value width of 0.4 us and a
Jump signal with a rise time oﬁ 0.2 us was used, and half the
scale was used in the préaentaﬁiong‘SO“that the corresponding
.measurement signals have the séme width for no‘distortion on

the image screen of the oscill@graph. We must conslder the fact
that the sin2 pulse with a half value time of 0,4 us is justi-
fied as far as the beam velocify is concerned, but that a
communication system with a bandwidth of 1 MHz can only trans-—
mit a sin2 pulse with the half :value duration of 1 us in an
undistorted way. This corresponds to a jump signal with T, =

0.5 us. These values would have been appropriate for.a measure-

“ment comparison referred to frequency bandwidth. However, for
an evaluation of the eXpected ploture guality, they are not as
suited. The most important measured values of the channels‘
considered are indilcated in theycorresponding oscillograph
photographs.

From the jump response to.the 2T sin2 pulse and for the
625 line system limited to a bahdwidth of 1 MHz, one can |
primarily See that image detail%‘cerresponding;to this pulse
do not completely vanish but»thﬁt‘they~do have a considerably
reduced contrast. The clearly visible echees in the photograph
3-5 (top) can already be predicted from the corresponding sin®
pulses (Photograph 3-1). The méasurements with the 1 MHz band-
width (series 3, 4, and 5) clea?ly@show the superiority of the

low—llne system. According to the measured signals, there is.
"a better representation of the.@etails and a better edge sharp-
ness to be expected, The relatively strong overshoot which is
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produced for the non-shaped sin® pulses which do not have a
delay distribution correction for'the'267 line system, cannoct
be seen at all in the figure (fhotograph 3-5) bottom). -Instead,

it contributesitO'a certalin plasticity of the image..
7.2. Image Screen Photographs

In order‘to'describe the practical usefulness of the trans-
mission systéms considered-heré,'we prepared image secreen
photographs for ftwo sample imaées, which can be considered to.
be typilcal. One of the photogfaphs (Photograph -5 of each
series) consists of a table with a line drawing and handwriﬁing,
and a portrait. ' This is the situation which often occurs in
educatlional television. The oﬁher'pieture (photograph -6 of
each series) 1s concerned with a landscape, which would occur
during observation of traffic.%‘Images to be compared were
“faken 1n parallel, so as to Obﬁain a direct comparison between
the band-limited 625 line system and the 267 line system. This
means that the unavoidable motionwunsbarpness, for example
caused by motion of the treeS'in'the wind, iis\ the same in both
transmissions. The three image series with the 1. -MHz bandwidth
(3, 4, 5) are preceded by a piQture series with the flow band-
width (1) as well as another séquencefwith a slightly restricted
bandwidth (2). Two remarks muﬁt-be made regarding series 1£

: :

a) Photographs 1-1 and 1~2. should represént the 5 MHgz -
transmissions and are not exaeflyuvalid for -the upper image

photographs in photographs 1—5;and 1-6,

Ry
™
oo

.

b) We do not mean to imply. that these gcreen. photographs
are the maximum possible quali@yﬁwhich can be achieved using
‘the bandwidth 5 MHz. | o
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Figure 1.1.
Negative No.:(Polaroid)

Raster:
Vertical: 1 cm corresponds to 20%
Horizontal: 1 cm & to 0.5 us
625/50
S:i_n2 pulse, Th = 0.2 us
Lowpass fO x 5 MHz (from Siem, TM)
Thomson filter: none
h = 100%
p
Figure 1.2.
Negative No.:
Raster:

Vertical: 1 cm corresponds to 20%
Horizontal: 1l cm " to 0.5 us
625/50

Jump signal o= 0.1 us

Otherwise like Figure 1.1

T.= 0.12 ps
S

Maximum undershoot: =2%

Figure 1.3.

Negative No.:

Raster:

Vertical: 1 cm corresponds to 207%
Horizontal: 1 ecm " to 1 us

267/60

Sin2 pulse, T = 0.4 us

Lowpass fO = 1.63, fn = 1.83 MHz

Thomson filter: none

h_ = 89%
P
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Figure 1.4.

Negative No.:

Raster:

Vertical: 1 cm corresponds to 20%
Horizontal: 1 em " to 1 us

267/60
Jump signal U 0.2 us
Otherwise like Figure 1.3.

TS = 0.32 us

Maximum undershoot: —4.4%

The second serles was recorded because from this it can
be estimated that the 267 line system has approximately the
same resolution as a 625 line system restricted to about 1/2
of the bandwidth. However, it does require less bandwidth.
In order to evaluate the screen image photographs, we must
say that the image screens show the line structure more clearly
when they are directly observed than can be expressed by the
photographs. In the photographs, for which a considerably
longer integration time is required than is the case for the
eye, the line structure is washed out because of the continuous

motion of the half-image rasters with respect to each other.

Finally, we would like to discuss some features which
cannot be verified by still photography. This concerns primarily
the advantages of selecting approximately 30 images/seconds for
the image change number of the low-line system. This reduces
not only the shimmering of bright image parts, but also the
shimmering of very bright lines. Also, the intermediate line
shimmering and the line migration are reduced so much that the

line structure has only a small disturbing effect, even though

35



625/50

Lowpass:
none
Thomson
filter:

none

<« Figure 1.5

Figire 1.6 —™

267/60

Lowpass:

f0=l.63 MHz

f4=1.83 MHz

Thomson
filter:

nomne




Figure 2.1.

Negative No.: (Polaroid)

Raster:

Vertical: 1 cm corresponds to 20%
Horizontal: 1 em " to 0.5 us

625/50

2
Sin~ pulse, T, = 0.2 Us

h

0 = 2.47 MHz, f4 = 2.75 MHz

Thomson filter T = 0.23 us,
fp = 2,2 MHz

Lowpass f

h = 70%
P

Figure 2,2,

Negative No.:

Raster:

Vertical: 1 cm corresponds to 20%
Horizontal: 1l em " to 0.5 us

625/50
Jump signal, Ts = 0.1 us
Otherwise like Figure 2.1.

T = 0.26 us
s

Maximum undershoot: -27%

Figure 2.3.

Negative No.:

Raster:

Vertical: 1 cm corresponds to 20%
Horizontal: 1 cm " to 1 uUs

267/60

Sin2 pulse, s 0.4 ps

Lowpass f0 = 1.63 MHz, f4 = 1.83 MHa
Thomson filter T = 0.34 us

f = 1.47 MHz

p

h = 74%
P
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Figure No. 2.4.
Negative No.:

Raster:

Vertical: 1 cm corresponds to 20%
Horizontal: 1l em " to I ps
267/60

Jump signal Ts = 0.2 us
Otherwise like Figure 2.3
T 0.42 us

Maximum undershoot: =1.5%

it 1s clearly observable when observations are made at a
distance of about 6 times the image height. Even though it
may seem contradictory to select a higher image change

number than before using a system with extremely low bandwidth,
the advantages of doing this are so great that a more detailed
investigation would undoubtedly have verified that the 267
line/60 Hz system is superior to the 289 1ine/50 Hz system.

It would be very advantageous to carry out experiments

with the 267 1ine/60 Hz system using new methods for reducing

e
no
O

the line structure. We must mention the method of Hilborn

and Stevenson [27] which 1s supposed to bring about a con-
siderable improvement in the readability of writing. The
application of more modern methods for stabilizing the inter-
mediate line (for example, [28]) would reduce the disadvantages
of the line Jump method and would make it possible, by using
digital circuit technology methods, to again test the idea of
moving the raster back and forth by 1/2 a line separation using
an additional reéctangular voltage (see [1], p. 248 ff.). These
experiments could not be carried out within the framework of

this research task.
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625/50
Lowpass:

=2
fo 2.47 MHz

=9-
f4 2.75 MHz

Thomson
filter;

7=0.23 us
f =2,2 MHz
P

o« Figure 2.5

Figure 2.6 —»

267/60

Lowpass:

f0=1.63 MHz

f4=1.83 MHz
Thomson
filter:

T=0a 34 HS
fp=1.47 MHz
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Figure 3.1.

Negative No.: (Polaroid)

Raster:

Vertical: 1 cm corresponds to 207

Horizontal: 1 cm 5 to 0.5 us
625/50

3.0
Sin pulse, Te 0.2 us
Lowpass f0 = 1.0 MHz, f4 = 1.1 MHz
Thomson filter: none
h = 38%

P
Figure 3.2,
Negative No.:
Raster:
Vertical: 1 cm corresponds to 20%
Horizontal: 1 cm i to 0.5 us
625/50

Jump signal, Ts = 0.1 us
Otherwise like Figure 3.1,

T 0.47 us

Maximum undershoot: =57

Figure 3.3,

Negative No.:

Raster:

Vertical: 1 cm corresponds to 207
Horizontal: 1 ecm " to 1 us

267/60

Sin2 pulse, Tn = 0.4 us

Otherwise like Figure 3.1,
h = 68%
P



Figure 3.4.

Negative No.:

Raster:

Vertical: 1 cm corresponds to 207
Horizontal: 1 cm L to 1 Us

267/60
Jump signal, F 0.2 us

Otherwise like Figure 3.1.
T 0.46 us

Maximum undershoot: =4%

B Conclusions

The preceding results lead to the following conclusions,
with the restriction of subjective evaluation tests yet to be

performed:

a) Even when the bandwidth of 625 line images is
extremely reduced, it is still possible to extract essential
information from such images. The screen image photographs
show that, when the bandwidth is limited to 1 MHz and the
transmission is good otherwise, it is possible, for example,
to definitely identify persons. In a countryside image, it
is possible to recognize the essential elements, such as
buildings, vehleles, roads, etc., to'a sufflclent degree. In
certain siltuations, it wlll be quite appropriate to carry out

such transmissions.

b) We are certaln that, for a given bandwidth of about
1 MHz, a transmission method using 267 lines and 60 half-

images/second represents a much better solution than the
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625/50
Lowpass:
f0=1.0 MHz

f4=1.l MHz

Thomson
filter:
none

«— Figure 3.5

Figure 3.6 —

267/60

Lowpass:
like above

Thomson
filter:
none




Figure 4.1.

Negative No.: (Polaroid)

Raster:

Vertical: 1 em corresponds to 20%
Horizontal: 1 cm u to 0.5 us
625/50

Sin2 pulse, L 0.2 us
0 = 1.0 MHz, f4 = 1.1 MHz
Thomson filter: T = 0.57 us

fp = (0.88 MH=z

Lowpass f

h = 30%
P

Figure 4.2.

Negative No.:

Raster:

Vertical: 1 em corresponds to 20%
Horizontal: 1 cm = to 0.5 us

625/50
Jump signal, TS = 0.1 us

Otherwise like Figure 4,1.

T F 0.62 us
Maximum undershoot: =-2%
Figure 4.3.
Negative No.:
Raster:
Vertical: 1 em corresponds to 207
Horizontal: 1 cm 4 to 1 us
267/60
2
sin” pulse, Ty = 0.4 us
Otherwise like Figure 4,1.

h = 53%
P
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Figure 4.4.

Negative No.:

Raster:

Vertical: 1 cm corresponds to 20%
Horizontal: 1l em " 1 Us

267/60
Jump signal, Ts = 0,2 us

Otherwise like Figure 4,1.
T_ = 0.63 us
s

Maximum undershoot: =-2%

corresponding band-limited 625 line image. When observations
are made from a distance of more than 10 times the image height,
there is effectively no difference in image quality compared
with the 625 line image with the complete bandwidth.

When observations are made from a small distance, the
line structure can be observed but usually it is not disturbing
and, in particular, it does not bring about eye fatigue. For
industrial television or non-public television, we believe
that a bandwidth of 1 MHz is sufficient. In most cases, a
sufficient detailed resolution can be provided by a correspond-

ing selection of the image angle.

c) When a frequency raster is established for non-publiec

television, a video bandwidth of 1 MHz should be assumed.
d) The 1 MHz communication technique now in development

for picturephone for local traffic could be applied to indus-

trial television installations during the testing period.

Ly
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625/50

Lowpass:
f =1.0 MHz
0
'f4=1.1 MHz
Thomson
filter:
T=0.57 us
fp=0.88 MHz

€— Figure 4.5

Figure 4.6—s

267/60

Lowpass:
like above

Thomson
filter:
like above
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Figure 5.1.

Negative No.: (Polaroid)

Raster:

Vertical: 1 cm corresponds to 20%

Horizontal: 1 em " te 0.5 us
625/50

sin2 pulse, e & 0.2 us

Lowpass fO = 1.0 MHz, f4 = 1.1 MH=z

= 0.57 us

Thomson filter: T
fp = 0,88 MHz

"crispening"

with
h = 34%
P
Figure 5.2,
Negative No,:
Raster:
Vertical: 1 cm corresponds to 20%
Horizontal: 1 em " t0 0.5 us

625/50

Jump signal, L 0.1 us
Otherwise like Figure 5,1.
TS = 0.4 us

Maximum undershoot:; -2%

Figure 5.3.

Negative No.:

Raster;

Vertical: 1 cm corresponds to 20%

Horizontal: 1l em " to 1l us
267/60

sin2 pulse, Ty ™ 0.4 us

Lowpass fO = 1.0 MHz, f4 = 1.1 MHz

Thomson filter: mnone

h = 67%
P



Figure 5.4.

Negative No.

Raster:

Vertical: 1 cm corresponds to 20%
Horizontal: 1l cm " to 1 us
267/60

Jump signal, TS = 0.2 us

Otherwise like Figure 5.3,

TS = 0.48 us

[Illegible]
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625/50
Lowpass:
f =1. 4
0 1.0 MHz
f4=1.l MHz
Thomson
filter:
T=0.57 us
f =0.88 MH=z
P
with
"erispening"

&—Figure 5.5

Figure 5.6 —>»

267/60

Lowpass:
like above

Thomson
filter:
none




APPENDIX 1 : :

ADJUSTMENT OF THE'HORIZONTAL;DEFLECTION CIRCUIT OF IMAGE /31
REPRODUCTION DEVICES TO THE LINE FREQUENCY OF 8 kHz
The modification of monitérs to the 267 line standard was
connected with some difficulties. The first experiments were
made using the old Monitor EV 35 with tubes (Fernseh GmbH),
which has a selif-oscillating sweep for the horizontal deflection
and direct synchronization. The line transformer is in the
form of g dige winding, which is sultable for changes in the
laboratory. There were a number of replacement line trans-
formers avallable from the manﬁfacturing process, which could
-be rewound. No experience was'available on the dimensioning
of hoerizontal deflection'stageé and line transformers. The
literature in this area usuallj'is regstricted to general state-

mentg regarding the mefhod of 5peration of" the stages [29, 30].

Line transformers and other deflection\devices are primarily)imade)
by a number of large special<firms,.who do not provideé the
manufacturing of individual itéms. We did not find 1t too
difficult to recalculate the réquiredwline transformers, even
though we assumed this would be & major task. Since all the
deflectlon colls were retained; the same deflection current as
pefore could be used for the new line frequencies. For a given
Ferrit' core of the transformer; the winding which feeds the
defleetion unit Ny (see circuit diagram, Figure 1) and its
niumber of windings only depends.on the deflection currents and
the inductivity of {he deflection coil, but 1t does not depend
on the line frequency. This m?ans that the original winding -

number could be retained, Sinée, for this image tube, we
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Horizontal
end tube

Lane

E

e LR |

Figure 1 {(Appendilx). Horizontaﬁ end stage, circuilt dlagram.
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regquired the same helght voltage as before and approximately
the same maximum voltage load of the line end tube should
result, the transmission ratio;(nl + nz)/ng,.that is, the

connection for the booster diocde, can also remain unchanged.
The transmission ratio (nl + né)/n3 must be changed, and
considering ‘the approximately unchanged feedback times, they
are recalculated to be inversely‘proportional to the line

frequency. The windings ny, and ng are changed by the same

ratic. The higher winding numbers could only be achieved

using ecorrespondingly smaller wire cross sections on the

avallable winding spools. The inereased coppef losses were /32
acceptable. In fact, the effec¢tive power'to be applied to the
horizontal deflection stage dec¢reases noticeably. This is
expressed by the fact that, when there 1s deflectlon ovér the
entire image width and if the dorrect value of the high voltage
Qis used, a considerably reduée@.operational voltage is sufl+< |
ficient. Correspondingly, the voltage over the booster con=
densor is lower, which must beitaken'into'account in parts of

the circuif which depend on this. The difference between the
available operational volitage énd the required one was used for
‘electronic control, in order'tq.obtain the low internal resistance
of the current source and to increase the general operational
stabllity of the units.

In the case of a later modified new 59 cm monitor with
110° deflection, 1t was necessary to adjust the control
generator for the deflection part by new windings of the
oscillator coil so as to obtaih:the other line frequency.

For this deflection angle, theivalue of the condensor for

tangent distortion correction Had to be considerably modified. .
Other detalls regarding the modification of the line end stages
cannot be given here because of space limitations., The publica—‘
tidn By H. Meyer [31] was found to be the best information source.
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APPENDIX 2
REMARKS ON TELEVISION INSTALLQTI@NS FOR TRAFFIC CONTRQL OF
THE HANNOVER POLICE

Television installations_@hich‘are used every year by the
application for a 1 MHz industrial TV-installation. Television
images taken by fifteen different television camerés at various
high density points of'traffiC'areufor“the mogt part transmitted
to a central point using directional communication links, where
they are displayed on monltors. ' “If ‘required, television pic-
tures are taken from helicopters and transmitted on an assigned
.radio channel.at 450 MHz withw?~MHz'HF and 3.5 MHz nominal
videoi bandwidth to the central ‘point. Figure 2 of the Appendix
gives a summary of the central point structure. The central
point has been enlarged many.times over the last few years.

The present configuration is 'a:consequence of the requirement
that . up to five observers should be able to simultaneously
observer sixteen monitors. Asgone can see by examining the
resolution function of Figure Z, even ‘for the small number of
monitors with 59 cm image screen diagonal distance, more than
'300 lines cannot be resolved. ;A "lowpass" with a bandwidth
of about 1 MHz is "switched in" ‘to:the 5 /MHz wide electrical
transmission path, ih the form'of'the visual observation path
(in the case"of-two-dimensionai observation). Considering the
difficulties of making available'thlerequency space for the
radio channel, this state of affairs seems especially absurd.
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Obhservation

] locaticns .k

., 2 Monltoré?cm z
oy Socm IZ
.f_,.,}?w i—-—*""””

Minimum observation distance for 59 cm Monitors:

Minimum observation distance for 47 em Méndtors: 20 x
i " image height

{
:
Figure 2 (Appendix). Traffic observatlon center, Hannovery
test grounds (schematic)
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During observations of TV radio transmissions in 1968 and
1969, it was found that the trénsmission quallty was very low
for many reasons. Shot, moiregdistmrbances gnd deflcient
gradation were the main deficiencies. During an operational
intermission, and without any'warning, 625 lines/50 Hz tele-
vision pictures previously recérded on video magnetlic tape
(Ampex VR T7000) from the helicépter'Were“transmitted £o the
assigned monitor through filtefs. This corresponded to a
window bandwidth of 2.2 MHz and a pulse bandwidth .of 1.75 MHz.
Because of band clipping, the subjective noise separation was
substantially increased and by a clever selectlon of the
recording and reproduction level of the tape recorder, it was ‘Zﬁ&
possible to obtaln a certain reduction in gradation distortion.
It later becamé known that this was a recording, and the
police officials said that thelreproduced image was "much
better than the original." The insufficlent resolution was
heithef noticed nor complainédiabéut.'

Many advantages are connected with the use of the 267 line/
60 Hz scanning standard for traffic television networks:

—~ Increased image change freguency would considerably
enhance the cbservation and woﬁking conditions at the central
poink. ; '

— The assignment of radio channels for moving cameras

would be made easier.

— The television signals of the fixed cameras could be
transmitted through telephone cables using picturephone
technology. \ L

N LT N — .- :
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— The application of picturephone communication technology
would make it possible to arbitrarlly switch 30 cameras into
10 monitors using a coupling field, and the associated costs
would be 1low. = ' ' o o
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